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Resumo 
O cancro do pulmão é a principal causa de morte por cancro. A ressecção pulmonar é o 
tratamento de eleição para os estádios iniciais do cancro do pulmão, contudo esta cirurgia 
acarreta riscos maioritariamente dependentes da função pulmonar e cardíaca dos pacientes. 
Assim, é necessário avaliar a capacidade do paciente de suportar a perda de tecido pulmonar, 
de modo a prevenir complicações pulmonares pós-operatórias (PPC). Porém, o modelo de 
avaliação de risco não contempla a avaliação da função dos músculos respiratórios. Além disso, 
não está clarificada a eficácia do treino dos músculos respiratórios na redução das PPC e do 
tempo de internamento (LOS), de pacientes submetidos a cirurgia pulmonar. Considerando os 
resultados favoráveis observados em pacientes com doença pulmonar obstrutiva crónica, é 
plausível que o treino dos músculos respiratórios após a alta hospitalar possa contribuir para a 
recuperação da função pulmonar, melhorar a aptidão física e os níveis de atividade física diária 
(PA) e da qualidade de vida (QoL). 
A presente tese engloba quatro estudos: i) uma revisão narrativa da literatura a fim de apreciar 
o estado da arte da fisioterapia em doentes submetidos a ressecção pulmonar; II) um estudo 
observacional procurando determinar a associação da função dos músculos respiratórios, da 
aptidão física e da atividade física diária na predição de PPC; III) uma meta-análise, com o 
objetivo de verificar o efeito do IMT na redução das PPC e da LOS, bem como de outros fatores 
correlatos ou determinantes, incluindo as doses de treino; IV) e um estudo randomizado 
controlado para verificar o efeito do treino dos músculos inspiratórios e/ou expiratórios, 
isoladamente ou de forma combinada, na função desses músculos, na função pulmonar, nos 
níveis diários de atividade física (AF) e na qualidade de vida dos pacientes, após a alta hospitalar.   
Os resultados mostraram que a pressão expiratória máxima (indicador de força dos músculos 
expiratórios) foi o mais forte fator preditor independente das PPC, enquanto a pressão inspiratória 
máxima (PIM), a aptidão física e os a AF diária não eram preditores de PPC. Contudo, a PIM 
pode considerar-se um preditor de PPC, conforme demonstrado na meta-análise, já que o IMT 
tem o poder de reduzir o risco de PPC e do LOS. Também foi constatado que o IMT é ainda mais 
importante na cirurgia pulmonar do que na cardíaca e abdominal, especialmente em pacientes 
de elevado risco sobe condições específicas: i) se for supervisionado, ii) com incremento de 
carga imposto, iii) com duração de treino superior a duas semanas, iv) e sessões de treino de 15 
ou mais minutos e v) em combinação com exercício generalizado. Após alta hospitalar, a 
implementação de programas domiciliários de treino de músculos respiratórios, mostrou-se 
eficaz no aumento da PIM em todos os grupos de treino, particularmente no grupo de treino 
combinado, no IMT e no EMT respetivamente. Adicionalmente, nos grupos de IMT e EMT 
observaram-se reduções significativas do tempo sedentário e aumento da AF ligeira e total. O 
treino dos músculos respiratórios não influenciou a QoL.  
Para concluir, a função dos músculos respiratórios deveria ser incluída na avaliação no modelo 
de risco de pacientes selecionados para ressecção pulmonar. Além disso tanto o treino de 
músculos inspiratórios com expiratórios deveria fazer parte da recuperação não só no pré-
operatório com também no pós-operatório destes pacientes.
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Abstract 
Lung cancer is the leading cause of death from cancer. Pulmonary resection is the treatment of 
choice for the early stages of lung cancer, however this surgery carries risks mostly dependent 
on patients' lung and heart function. Thus, it is necessary to evaluate the patient's ability to 
withstand the loss of lung tissue in order to prevent postoperative pulmonary complications (PPC). 
However, the risk assessment model does not contemplate the evaluation of respiratory muscle 
function. In addition, the efficacy of respiratory muscles training in the reduction of PPC and length 
of hospital stay (LOS) in patients submitted to pulmonary surgery is not clarified. Considering the 
favourable results observed in patients with chronic obstructive pulmonary disease, it is plausible 
that respiratory muscle training after hospital discharge may contribute to the recovery of 
pulmonary function, improve physical fitness, daily levels physical activity and quality of life (QoL). 
The present thesis encompasses four studies: i) a narrative review of the literature in order to 
appreciate the state of the art of physiotherapy for patients submitted to lung resection; II) an 
observational study seeking to determine the association of respiratory muscles function, physical 
fitness and daily physical activity in the prediction of PPC; III) a meta-analysis, aiming to verify 
the effect of IMT on the reduction of PPC and LOS, as well as other correlating or determinant 
factors, including training doses; IV) and a randomized controlled trial to verify the effect of 
inspiratory and / or expiratory muscle training, alone or in combination, on the function of these 
muscles, on pulmonary function, on daily levels of physical activity (AF) and on quality of life of 
patients after hospital discharge. 
The results showed that maximal expiratory pressure (expiratory muscle strength) was the 
strongest independent predictor of PPC, while maximal inspiratory pressure (MIP), physical 
fitness and daily AF were not significant PPC predictors. However, MIP may be considered a 
predictor of PPP, as demonstrated in the meta-analysis, since IMT has the power to reduce the 
risk of PPP and LOS. It has also been shown that IMT is even more important in pulmonary 
surgery than in cardiac and abdominal surgery, especially in high-risk patients under specific 
conditions: i) if supervised, ii) with an imposed load increase, iii) with training duration greater 
than two weeks, iv) and training sessions of 15 or more minutes, and v) in combination with 
general exercise. After hospital discharge, the implementation of home-based respiratory training 
programs proved to be effective in increasing MIP in all training groups, particularly in the 
combined training group, IMT and EMT, respectively. Additionally, in the IMT and EMT groups, 
significant reductions in sedentary time and increase in total and light PA were observed. Training 
of respiratory muscles did not influence patients QoL. 
In conclusion, the function of respiratory muscles should be included in the risk model evaluation 
of patients selected for pulmonary resection. In addition, both inspiratory muscle training with 
expiratory muscles should be part of the recovery not only in the preoperative period but also in 
the postoperative period of these patients.
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General Introduction 
 
Lung cancer is the leading cause of cancer mortality worldwide, accounting for 
1,4 million annual deaths, representing 18,% of total deaths from cancer [1, 2]. 
The advance of earlier diagnosis with low-dose computed tomography (LDCT) 
screening has improved lung cancer long-term survival rates, emerging new 
research [3-5]. Aiming to improve the chance of diagnosing lung cancer in the 
earlier stages it is recommended to screen the population with increased odds to 
develop lung cancer [4]. Thus, an annual screening with low-dose CT is 
recommended LDCT [4]. The risk factors for lung cancer commonly described in 
literature are tobacco consumption and passive smoking on the top, poor diet and 
alcohol abuse, exposure to air pollution, and sedentary life style [6]. 
According to histopathology lung cancer is divided in two main types: i) small cell 
lung cancer (SCLC), which is less common (15%-20% of all cases) although 
more aggressive, with a median-term survival rate of 12,1% in the limited-stage; 
[7] ii) non–small-cell lung cancer(NSCLC), which is more frequent (≃ 85% of all 
cases of lung cancer), presenting a 5-year survival rate of 60% to 80% in the 
early stage I [3, 5, 6]. 
Clinically, the illness staging classification is of importance to choose the best 
treatment approach [6].  Lung cancer severity can be classified (TMN 
classification) according to tumour size and location (T), lymph nodes invaded 
(N), and metastases (M). The TMN classification for SCLC, has been improved 
by The International Association for the Study of Lung Cancer (IASLC) [8]. 
Lung cancer treatment is established according to patient’s stage, and global 
health status [4]. Surgical resection, with or without adjuvant chemotherapy, is 
the gold standard treatment, showing to have better long-term survival rate in 
earlier stages of NSCLC [9, 10]. Surgery is undoubtedly, the best treatment 
approach for patients with NSCLC up to stage IIB, despite the need of adjuvant 
chemotherapy for patients in stage II NSCLC and neoadjuvant chemotherapy for 
same patients in stage IIIA [4, 9]. 
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At the time of diagnosis the majority of patients are already in a non-surgical 
stage; according to Baser et al. only 20%-25% of patients are surgical candidates 
[9]. Furthermore, only 15% represent stage I,  those patients presenting a 5-year 
survival of 60% to 80% [3]. 
Patients with SCLC are also candidates to receive surgical treatment if they are 
in a limited disease, but the majority receive chemotherapy with or without 
radiation therapy [7, 8]. 
Apart from histology and TNM staging classification it is necessary to confirm 
patient’s capacity to tolerate a resection [4, 9]. Global health status 
cardiopulmonary function could be a limitation factor because it increases the risk 
of postoperative pulmonary or cardiac complications, which in turn might 
compromise quality of life (QoL). Indeed, lung cancer patients tend to refer a 
superior loss in quality of life than other cancer patients [5]. 
Postoperative pulmonary complications (PPC) are the most frequent causes of 
postoperative morbidity and mortality after lung resection. PPC increase the 
length of hospital stay (LOS) with inherent hospital costs [11, 12].  According to 
Qaseem et al., PPC might be a stronger long-term mortality predictor than cardiac 
complications after non cardiothoracic surgery, particularly in aged patients [12]. 
The most frequent PPC referred in the literature are: lung collapse, pneumonia, 
atelectasis, respiratory failure and prolonged mechanical ventilation, pulmonary 
oedema and pulmonary embolism [10, 12, 13].  Postoperative pulmonary 
complications as pulmonary infections, atelectasis and pneumonia may be 
related with preoperative patients’ functional status, while others are iatrogenic 
as chylothorax and prolonged air leak (PAL).  PAL may be related with 
preoperative patients’ status. According to Petrella et al. [14] patients without PAL 
had significantly highest mean values of forced expiratory volume in first second 
(FEV1%), Tiffenau index and diffusing capacity of the lung for carbon monoxide 
per unit of alveolar volume (DLCO/VA%) and therefore computed tomography 
emphysema is considered a reliable preoperative predictor of prolonged air leak. 
Indeed, surgical mortality range from 4% to 12%, and approximately 12%-40% of 
patients submitted to pulmonary resection develop PPC [9, 15]. 
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Risk factors for PPC can be patient-related as is advanced age. For instance,  in 
United States, the median age on time of diagnose is 69 years [16]. As should be 
expected, age is correlated with a decrement of functional reserve in most organ 
systems [17, 18]. Therefore, due to the increased surgical challenge in elderly 
population, several patients are not referred to the optimal treatment option, 
although several authors state that lung resection is safe in aged patients [18, 
19]. Beyond the safety of surgical treatment approach, it is also showed that long-
term survival and QoL are not influenced by the age [16, 18, 20, 21]. Other PPC 
risk factors are functional dependence in the daily living tasks and depression, 
which increase the odds ratio of having PPC [12, 17]. 
Cigarette smoking is a known risk factor for both cardiac and pulmonary diseases, 
including lung cancer. Therefore, among lung cancer surgical candidates it is 
frequent to find smokers or ex-smokers. In addition, smoking habits is also a risk 
factor to PPC [12, 20]. Indeed, in the clinical context it is recommended smoking 
cessation before surgery [12]. 
Impairment in pulmonary function is a frequent finding in pulmonary surgical 
candidates, especially in those with a history of chronic obstructive pulmonary 
disease (COPD), which is the most frequent risk factor of PPC [12]. Therefore, it 
is recommend to assess forced vital capacity (FVC), forced expiratory volume in 
first second (FEV1), and diffusion capacity for carbon monoxide (DLCO), and 
thereafter calculate the predictive values of FEV1 (ppo-FEV1) and ppo-DLCO [4, 
20, 22, 23]. Furthermore, impairment of exercise capacity is associated with PPC 
[24]. By that reason it is recommended to undergo a low technology exercise test 
if ppo-FEV1 and ppo-DLCO are below 60%, and the cardiopulmonary exercise 
test (CPET) for patients lower than 40%. Cardiopulmonary exercise test is the 
gold-standard for exercise capacity assessment, and the best predictor of PPC, 
despite being time-consuming, having higher financial costs and, requiring 
specific technical expertise [20, 25, 26]. 
Brunelli et al. have studied the implementation and continuously improvement of 
a risk stratification model for morbidity and mortality in patients selected to 
pulmonary resections [13, 20, 22, 26]. The analysis of the model for morbidity 
and mortality risk stratification, from the data of The European Society of Thoracic 
Surgeons (ESTS), shows that male sex, age, ppo-FEV1, coronary artery disease, 
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cerebrovascular disease, thoracotomy approach, and extended resection are the 
stronger predictors. In the morbidity model it was also included chronic kidney 
disease and in the mortality model body mass index and pneumonectomy [13]. 
However, there is no information about the role of respiratory muscles in the 
prediction of morbidity and mortality, as well as for PPC.   
Traditionally, posterolateral thoracotomy was the surgical approach for lung 
cancer resections. This incision gives an excellent access to the chest cavity but 
involves a significant muscle cut (about 30-35 cm), including the cut of latissimus 
dorsi and serratus anterior muscles, and also spreading of the ribs [27, 28]. This 
procedure induces severe pain, restraint shoulder range of motion, compromise 
pulmonary function, and promotes respiratory muscle impairment, [27, 29, 30] 
leading with cough ability [29, 31, 32]. Posterolateral thoracotomy is probably the 
most painful surgical approach. Consequently, epidural analgesia has been 
frequently used, despite the risk of induction of hypotension and urinary retention. 
In this context, resorting to thoracic paravertebral block is a viable alternative to 
control postoperative pain [29].  
In the attempt to reduce impairments, another possible approach is limited 
thoracotomy with an incision of 10- to 15-cm [33]. Currently, minimal open access 
technics are gaining ground, and even more and more thoracic centres use video-
assisted thoracic surgery (VATS) or robotic video-assisted thoracic surgery 
(RVATS); these procedures reduce trauma, pain, pulmonary dysfunction, 
respiratory muscles disability pro-inflammatory responses, and improve anti-
inflammatory cytokines, and the time length for returning to daily activities [27, 
28, 34, 35]. 
Al surgical incisions reduce the inspiratory and expiratory muscle strength, the 
reduction being more notorious after posterolateral thoracotomy [32]. Indeed, 
intrinsic muscle fibre weakness is related with the dysfunction of neural structures 
of the inspiratory muscles [36]. Nomori et al. [28]  showed that 12 weeks after 
surgery patients do not reach preoperative values in maximum inspiratory mouth 
pressure (MIP), and maximum expiratory mouth pressure (MEP). Another 
important issue is the intraoperative mechanical ventilation-induced inspiratory 
muscle unloading, which results in impairment of diaphragm strength, and 
increased cytokines release due to anaesthetic drugs. According to Welvaart et 
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al. [36] 2 hours of mechanical ventilation are enough to induce an approximately 
35% loss of the diaphragm force-generating capacity. The same authors also 
described the gene expression profile caused by diaphragm unloading during 
thoracic surgery, and compared to latissimus dorsi muscle profile. The authors 
found an exuberant inflammatory and pro-apoptotic response both in the 
diaphragm and latissimus dorsi. However, in the latissimus dorsi it was observed 
a higher upregulation of anti-apoptotic genes, compared to diaphragm [37]. 
In summary, respiratory muscle dysfunction compromises pulmonary function, 
cough ability and exercise capacity, potentiating PPC and therefore reducing QoL 
[32, 34, 38, 39]. 
The amount of tissue resected is also relevant for patients’ tolerance and level of 
QoL [40]. For instance, pneumonectomy is deeply related with PPC and 
postoperative mortality, especially right pneumonectomy. Right pneumonectomy 
is also associated with an increased risk of bronchial fistula [41]. Cukic et al. [40] 
conducted a study evaluating gender differences in FEV1, before and after each 
type of lobectomy and pneumonectomy, and found that in women the lowest 
decrease was in the right lower lobectomy, followed by the left lower lobectomy, 
right upper lobectomy, left upper lobectomy. Differently, for men, the lowest 
decrease in FEV1 was observed in the right upper lobectomy, followed by left low 
and upper lobectomy.   
After surgery, lung function achieves the maximum recovery in the first three 
months, since pain is alleviated. Further tissue adjustments increase functional 
area of ventilation and perfusion, through tissue distension. However, in COPD 
patients distension is not likely to happen as before surgery the lung is already 
maximally stretched [40]. 
In contrast to lung function, total recovery of exercise tolerance is a slower 
process [42]. Indeed, one year after lobectomy maximum oxygen consumption 
(VO2max) is still diminished 12%, and after pneumonectomy 20%. Before 
surgery, exercise capacity is mostly limited by leg fatigue, and one year after 
lobectomy and segmentectomy, the major limitation to exercise tolerance still 
remain related to leg fatigue. However, one year after pneumonectomy patients 
referred that exercise tolerance limitation is mainly due to dyspnoea [43]. 
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Taken into account the pulmonary postoperative scenario it is possible to 
understand that there are multiple factors favouring PPC occurrence. Global 
health status, age, body mass index (BMI), physical fitness and pulmonary 
function measured preoperatively are the main features, among others, that 
might favour PPC. Postoperative pulmonary complications can also be due to 
intraoperative occurrences, such as total surgical time, surgical approach and 
respiratory muscle damage, lung deflation during one-lung ventilation, 
anaesthesia, lung manipulation, amount of tissue resected, and drugs. 
Postoperatively, PPC are related with pain, changes in chest wall compliance and 
to increased work of breathing, secretion and bronchial hyper-reactivity, 
impairment of cough ability, and other reasons [20, 28, 44]. Therefore, 
physiotherapy might add value in patients care, beginning preoperatively, 
continuing immediately after surgery, after hospital discharge, and later on with 
long-term exercise training.  
As it was stated before, several patients selected to pulmonary resection due to 
lung cancer are COPD patients. It is well known that in COPD there is generalized 
muscle impairment, and specifically, inspiratory and expiratory muscle 
impairments which are related to dyspnoea, compromised exercise tolerance, 
and diminished QoL [45-48]. Skeletal muscle dysfunction, including both 
inspiratory and expiratory muscles, is associated with exacerbations and hospital 
readmissions in COPD patients [45]. 
Inspiratory muscle training (IMT) has been pointed out to be feasible, safe and 
advantageous in surgical patients, especially in the preoperative period, reducing 
the odds of PPC and the mean LOS [49, 50]. Recently, two meta-analysis showed 
the benefits of preoperative inspiratory muscle training in reducing PPC in 
patients selected to cardiac and abdominal surgery, although not effective in 
reducing LOS [51]. Nevertheless, in the former meta-analyses the studies 
enrolling pulmonary surgical patients were not included. Indeed, safety of 
inspiratory muscle training performed immediately after surgery might be a 
concern for researchers in patients submitted to pulmonary surgery, due to pain, 
and especially due to the possible increased risk of prolonged air leak.  
Regarding expiratory muscle training (EMT) there are only few studies in COPD. 
Therefore, there is a gap in knowledge about the risks/benefits of this training 
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mode in surgical candidates. However, it can be hypothesized that EMT might be 
beneficial in surgical patients, particularly in those who undergo pulmonary 
resections, since it might contribute to improvements in cough ability, breathing 
pattern and exercise capacity, as it was suggested in COPD patients. In a 
systematic review comparing EMT, and IMT plus EMT, the authors concluded 
that EMT alone and EMT plus IMT are both effective in increasing inspiratory and 
expiratory muscle strength [39]. Conversely, physical fitness and dyspnoea were 
not improved, which might be explained by the light training load used (10% of 
MEP) [39]. Actually,  an EMT training load of 10% used in the study of Nield et 
al. [52] can be considered sham-EMT. 
It is known that immediately after surgery patients QoL is compromised due to 
pain, sleeping disorders and functional impairment, improving in about three 
months [20, 53]. Comparing with other cancers, like colon or prostate, the 
experienced physical and psychosocial disturbances in lung cancer survivors are 
more intense [5]. It is interesting to note that patients considered as high-risk 
surgical candidates conveyed identical QoL after surgery when compared to low-
risk patients, which might be explained by the lower preoperative QoL [20].  The 
great concerns in patients regarding the loss of QoL is related with permanent 
debility, oxygen dependency, and limitations in daily living activities [20]. 
As it was mentioned above, regarding the immediately loss in QoL, it has been 
pointed out that recovery can be reached three months after surgery , but for 
those undergoing co-adjuvant therapy it might take a longer time. According to 
Cavalheri et al. the physical dimension is more affected than mental or emotional 
dimensions [10]. This finding empowers the role of physiotherapy care in 
postoperative and maintenance periods in patients submitted to lung resection. 
Physiotherapy care is a non-pharmacological treatment that can be applied in 
surgical patients. The effectiveness of routinely physiotherapy care has been 
questioned, due to the variety of protocols, and different studied outcomes. 
Indeed, many researchers have been conducting studies with very restrict study 
designs and outcomes, which do not allow to have wider insights concerning the 
most effective treatment options. Thus, a holistic view of physiotherapy role in 
patients submitted to pulmonary surgery is missing.  
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Based on the above-mentioned, the present thesis was designed and organized 
according to the flowchart presented in Figure 1.  
The main topic underlying the present thesis is related with the role and 
effectiveness of physiotherapy interventions in patients submitted to lung 
resection. 
 
Four main research questions were formulated according to the exploratory 
literature review: 
1. What does physiotherapy offer to selected patients submitted to 
pulmonary resection for lung cancer?  
2. Can respiratory muscle function assessed before surgery be a predictor of 
PPC, and therefore be used for risk stratification?   
3. Is respiratory muscle training effective in reducing PPC and LOS in 
patients undergoing any major surgery? 
4. Which type of muscle training - IMT or EMT or the combination IMT plus 
EMT -  is more effective to improve respiratory muscle function? 
5.  Which type of muscle training is more effective to enhance recovery of 
pulmonary function, daily physical activity, physical fitness, QoL, and 
dyspnoea in patients submitted to lung resection by thoracotomy?  
Based on the above describe research questions, the main objectives of the 
thesis are the following: 
Objective 1 
To provide a critical overview regarding the role of physiotherapy interventions 
preoperatively, perioperatively, postoperatively, and in maintenance periods in 
patients undergoing pulmonary surgery  
Objective 2 
To study the association of respiratory muscle function with PPC risk 
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Objective 3 
To analyse the effectiveness of respiratory muscle training in the reduction of 
PPC and LOS in patients submitted to major surgery – abdominal, cardiac and 
pulmonary. 
Objective 4 
To analyse the effectiveness of different physiotherapy respiratory muscle 
training protocols in patients recovering from pulmonary surgery regarding safety 
and training induced changes in inspiratory and expiratory muscle strength and 
endurance, as well as on recovery of pulmonary function, daily physical activity, 
physical fitness, QoL, and dyspnoea 
This Thesis is organized into five Chapters. The Chapter I. General Introduction 
- aiming to provide to the readers the study object and rational by raising the 
thesis problems based on the identification of gaps in the existing published 
scientific literature, and formulating the research questions and the thesis 
objectives. In addition, the thesis organization is presented. 
Chapter II. State-of-the-art, encompass a narrative review, to accomplish the 
first objective.  
The Chapter III. Original studies, comprise an observational study, Study I - 
aiming to fulfil the second objective. The Study II - intending to accomplish the 
third objective, by a systematic review and meta-analysis, analysing the role of 
the IMT standalone or in addition to usual respiratory care or with exercise, both 
preoperatively and/or postoperatively in patients submitted to lung resections, or 
cardiac and abdominal surgery. The Study III, is a randomized control trial, 
aiming to ascertain if IMT, EMT or combined IMT plus EMT, have favourable and 
different results comparing to usual care after hospital discharge in patients 
submitted to lung resection by thoracotomy. This study was designed to 
accomplish the fourth objective.  
In Chapter IV. General Discussion - we present a methodological discussion 
as well as the overall interpretation and significance of the main findings from the 
original studies, with the implications for clinical practice. In addition we outline 
the limitations of the thesis, and give clues for future research. The main 
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conclusions are presented in Chapter V and the references supporting the 
General Introduction and General Discussion chapters are presented in Chapter 
VI. 
 
Figure 1. Flowchart of the rationale of Thesis 
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Discussion of methodology 
This thesis was designed to assess the role and effectiveness of physiotherapy 
interventions in patients submitted to lung resection. The operative strategy for 
the thesis development, starts, in a first step, by performing a critical narrative 
review to identify the “state of the art” regarding the role and effectiveness of 
physiotherapy interventions, and to identify the gaps in the existing knowledge as 
well as the research problems, to raise the research questions, and further, to 
formulate the original studies aims (first study research question- see Chapter I). 
From the critical literature review, it was possible to conclude that physiotherapy 
programs should be individually designed regarding each phase (preoperative; 
perioperative; postoperative and maintenance), and subject’s needs. In addition, 
from the review it was possible to identify that in the preoperative/perioperative 
phases, respiratory muscle training might be an important strategy to prevent 
PPC and diminish the hospital length of stay (LOS). However, regarding 
respiratory muscle training, only IMT was studied. Moreover, we found that there 
are few studies with methodological quality regarding respiratory muscle training 
in surgical patients [54-56], particularly in pulmonary surgery [49, 57-59],  either 
preoperatively [49, 58] and/or postoperatively [57].  Furthermore, the risk 
stratification model for morbidity and mortality, as well as for the occurrence of 
PPC, does not include the assessment of respiratory muscle function [4, 13, 23]. 
In addition, in the narrative review we also appraised the role of respiratory 
muscle function, as a key factor influencing pulmonary function, exercise capacity 
and quality of life, at least in COPD. Collectively, the critical issues that emerged 
from the narrative literature review, lead to the research questions 2-5 (previously 
enounced in Chapter I), as follows: 
2. Can respiratory muscle function assessed before surgery be a predictor of 
PPC, and therefore be used for risk stratification?   
3. Is respiratory muscle training effective in reducing PPC and LOS in 
patients undergoing any major surgery? 
4. Which type of muscle training - IMT or EMT or the combination IMT plus 
EMT -  is more effective to improve respiratory muscle function? 
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5.  Which type of muscle training is more effective to enhance recovery of 
pulmonary function, daily physical activity, physical fitness, QoL, and 
dyspnoea in patients submitted to lung resection by thoracotomy?  
From the above formulated questions two main issues emerged to be appraised: 
i) the pre-operative respiratory muscle function as predictor of post-operative 
pulmonary complications, and ii) the safety and effectiveness of respiratory 
muscle training to enhance recovery of pulmonary function, physical fitness, daily 
physical activity, QoL, and dyspnoea. 
To approach the aforementioned issues and answer the research questions 2 
and 3, we have conducted a retrospective observational study, enrolling patients 
selected to pulmonary resections for cancer by posterolateral thoracotomy, 
aiming to ascertain whether pulmonary function, including respiratory muscle 
function, physical fitness and daily PA levels are independent predictors of PPC. 
In addition, we performed a systematic review and meta-analysis to examine the 
effectiveness of inspiratory muscle training (IMT), both in the preoperative and/or 
postoperative periods, to reduce postoperative pulmonary complications (PPC) 
and length of hospital stay (LOS), in cardiac, pulmonary and abdominal surgical 
patients. The inclusion of studies enrolling cardiac, and abdominal surgical 
patients, was due to the scarcity of published studies in patients selected to lung 
resections, based on the assumption that these types of surgeries might induce 
a negative influence both in the inspiratory and expiratory muscles. Another 
important feature derived from our search to perform the systematic review and 
meta-analysis, was the fact we didn’t found any intervention study in which EMT 
had been performed targeting to avoid PPC.  
From the aforementioned studies we expected to show that respiratory muscle 
function, which might be improved by IMT and EMT, is a PPC predictor. If this is 
confirmed, therefore, respiratory muscle training should be included in 
physiotherapy intervention programs, and its effectiveness should be tested. 
However, traditionally, postoperative physiotherapy intervention programs do not 
include IMT and EMT. Besides the lack of studies on respiratory muscle training 
effectiveness, it is also unknown which type of training is more effective (IMT, 
EMT or their combination) to improve respiratory muscle function and enhance 
pulmonary function, physical fitness , physical activity, QoL, and dyspnoea. 
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Therefore, our randomized controlled study using repeated measurements is the 
most appropriate study design to answer the 4th and 5th research questions.  
For the original studies supporting this thesis, the selected patients, were adults 
submitted to pulmonary resection due to lung cancer by posterolateral 
thoracotomy, with the exception of pneumonectomy. Patients that underwent 
pneumonectomy were excluded as the pulmonary and functional loss is 
incomparably more severe, and are more prone to have pulmonary and cardiac 
complications postoperatively. Additionally, phrenic nerve injury due to surgical 
insult is more frequent, besides this resection is not frequent [40, 41, 60]. 
Moreover, in the observational and experimental studies (Chapter III) beyond 
pneumonectomy, also patients who underwent single segmentectomy were 
excluded by the inverse reasons of pneumonectomy, since functional and 
pulmonary loss is minor compared to patients in which a single lobe was resected 
[61]. Moreover, we only included adult patients, since paediatric subjects are not 
representative of the population that undergo lung resections due to lung cancer. 
The exclusion of patients who previously underwent thoracic surgery or have 
been diagnosed with severe pulmonary diseases or cardiac or neurologic or renal 
failure, was due to the possible bias on our findings because their conditions are 
potential confounders for the respiratory muscle function and its association with 
PPC risk, and for respiratory muscle training responses. In addition, ambulation 
impairments and/or mental disorders might preclude the assessment of physical 
fitness, daily levels of physical activity, QoL and the understanding and 
collaboration in the assessment of pulmonary and respiratory muscle functions. 
Sample size in our original studies is a matter of concern. We have not available 
data of previous studies from which we can perform a priori power analysis to 
calculate the sample size suitable to detect the true association of respiratory 
muscle function in PPC risk prediction and/or postoperative changes in response 
to IMT, EMT and combined training of respiratory muscles (IMT+EMT). Given 
that studies encompassing this thesis were conducted in a single hospital centre, 
in which the annual number of patients referred to lung resection due to lung 
cancer is approximately 60 patients’ year, therefore our sample size in the 
observational study represents around 47,8% of all surgeries performed during 
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the study period, and in the intervention study 26,3%, which can be considered 
representative of the population in the hospital centre. 
Regarding postoperative physiotherapy interventions, patients were routinely 
followed with usual care encompassing breathing exercises, and physical 
exercise aiming to improve total pulmonary expansion, bronchial clearance, 
postural improvements and exercise capacity, as it is recommended [62-64]. 
However, as previously stated, respiratory muscle training is not usually included. 
Therefore, our study included in chapter V, even with a small sample, is to our 
best knowledge the first one with approaching the outcomes mentioned above.  
 
Regarding the timing of assessments and of intervention after surgery, there are 
few points to highlight. In the observational study II (Chapter III) assessments 
took place approximately 15 days before surgery. Therefore, this timing would 
reflect the end stage of signs and symptoms before surgery as well as the true 
status of pulmonary function, including respiratory muscle function, physical 
fitness and daily PA levels that potentially could be before the surgery the 
predictors of postoperative pulmonary complications. Moreover, in the 
observational study, none of participants were under preoperative physiotherapy. 
Although all patients were encouraged to change their lifestyle, for instance 
quitting smoking and/or increasing daily PA levels, it is not conceivable that such 
a short time period before surgery would induce significant lifestyle changes 
within a magnitude that might lead to a significant PPC risk reduction.   
Another methodological issue to be take into account is related with postoperative 
pulmonary complications (PPC) time recording, which started from the 1st 
postoperative day until 30 days after hospital discharge. Currently it is considered 
that postoperative pulmonary complications might occur not only immediately 
after surgery, during hospital stay, but also later after hospital discharge in a 
period within 30 days [65]. Registration of PPC was made by a physician 
(surgeon or pulmonologist) who was blind to the study, and therefore, avoiding 
possible assessment bias.  
In the intervention study IV (Chapter III) baseline assessments started four weeks 
after surgery. Immediately after pulmonary surgery we were concerned about 
safety since there is scarcity of information on the consequences of forced 
breathing manoeuvres on the risk of pleural rupture, breakdown of bronchial 
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suture and integrity of the surgical incision, and even more, with the potential risk 
in the promotion of bronchopleural fistula. Therefore, assessments at baseline 
were performed when patients reach a stable clinical condition and a safe level 
of surgery recovery. However, given that all patients underwent usual 
physiotherapy care after surgery, we can’t disregard that respiratory and 
pulmonary functions, as well as other outcomes in the experimental study of this 
thesis, experienced changes until the beginning of the intervention (4-week after 
hospital discharge) that were not captured thereafter, within the time frame of the 
study. 
Regarding the time frame interval for the beginning of the intervention after 
surgery in the experimental study (Study IV) (4-week after hospital discharge), 
we were convinced that respiratory muscle strength and endurance might yet be 
improved by inspiratory and/or expiratory muscle training, adding a positive effect 
to the recovery of the global physical function, favouring the reduction of 
dyspnoea, enhancing daily physical activity and QoL, as already observed in 
COPD [66, 67]. It was already observed that after lung resection patients 
experience respiratory muscles sarcopnenia,[68] and respiratory muscle 
impairment, persistent fatigue, exercise intolerance, depression and diminished 
QoL [69]. Nagamatsu et al. [42] conducted a study in patients that underwent 
lobectomy, and observed that pulmonary function recovered within 3 months after 
surgery, although exercise capacity took a year to fully recover. Thus, the time 
frame to begin the respiratory training protocols after surgery in the intervention 
study is within a time window where is to be expected that patients benefit from 
gains in the study outcomes.  
For the experimental study (Chapter V) allocation into groups was randomized. 
This procedure was followed to eliminate or minimize the selection and referral 
bias. 
 
The option for the home-based training approach reside in the attempt to remove 
traditional known barriers of adhesion to outpatient supervised training programs, 
such as availability to comply with training schedule at the hospital, inherent costs 
with transportation or car parking, availability of public transport, distance from 
residence and/or employment, compatibility with professional and social 
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obligations [70, 71], and compatibility with other treatments as physiotherapy 
usual care in other institutions. Despite the former barriers, we included one 
weekly supervised session to assess if patients were able to understand and 
comply with prescribed procedures and training doses.  
Regarding the training protocols for respiratory muscles (IMT and EMT), different 
decisions were undertaken. For IMT, we have designed the training protocol 
according to the procedures and doses reported by Goisselink et al. [66] in their 
meta-analysis, as well as other studies enrolling surgical patients [49, 56]. For 
EMT we didn’t found any recommendation in the reviewed literature. To our best 
knowledge, expiratory muscle training has never been studied in patients 
submitted to lung resections, and even in COPD patients is not often performed. 
Therefore, the EMT protocol was designed by analogy with the IMT regarding 
training frequency, duration, loading, and the device for training. In the absence 
of previous evidence-based recommendations for EMT prescription, the protocol 
we have used is a first attempt to explore this specific type of training. In addition, 
there are no specific devices designed for EMT, only for positive-pressure (PEP 
therapy), and consequently we decide to use Threshold PEP (Philips, 
Respironics). Indeed, PEP therapy didn’t specifically target strength expiratory 
muscle training.  Positive-pressure therapy is performed aiming to avoid 
atelectasis, improving lung tissue expansion and bronchial mucus clearance [72, 
73]. Furthermore, Threshold IMT is graduated from 7 to 41 cmH2O, while 
Threshold PEP range from 4 to 20 cmH2O, being this load insufficient to the 
MEP% of several patients. Thus, since we were aware of that fact we have 
assumed the risk of using the Threshold PEP.     
We are aware that the training volume of the combined group was not the same 
as for IMT and EMT groups, since the combined group practiced 15 minutes of 
IMT plus 15 minutes of EMT each day, while the IMT and the EMT group only 
exercised 15 minutes per day. Indeed, participants in this group were under the 
same training conditions for each specific muscle training, as the changes we 
expected to promote were directly and specific for each respiratory muscle 
groups. We didn’t expect to improve systemic outcomes by specific muscular 
training. What we expected was to interfere indirectly in the physical fitness, as 
the respiratory muscle strength is related to dyspnea, which in turn might 
influence exercise capacity leading to enhancements in daily physical activity and 
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QoL. Nevertheless, the combination of inspiratory and expiratory muscles training 
at a total volume that represents the double of the training volumes in IMT and 
EMT groups, might have a crosstalk effect that should not be neglected. 
A fragility of our study design in the experimental study is related with the usual 
care after hospital discharge, since it was not controlled by the research team. 
However, this is a pragmatic study within the real conditions of clinical setting, 
thus not free of possible confounders. Despite that, since patients allocation was 
randomized, we believe that the biased effect of confounders was mitigated.     
 
In this thesis the criteria to define PPC were: respiratory infection, atelectasis, 
pneumonia, needing of reintubation according to findings from chest X-ray image, 
fever, purulent sputum, leucocytosis; and pleural complications: prolonged air 
leak was considered if persisted for more than 7 days, pleural effusion, empyema 
and chylothorax. Registration was made by a physician (surgeon or 
pulmonologist) blinded to the study. Indeed, the criteria and definition of PPC are 
not universally established, which makes comparisons with other studies difficult, 
and might be a source of misunderstanding. Some PPC as pulmonary infections, 
atelectasis and pneumonia might be related with the preoperative patients’ 
functional status, while others are iatrogenic as chylothorax and prolonged air 
leak (PAL), Although PAL might also be related with the preoperative patients’ 
status. According to Petrella et al. [14], patients without PAL had significantly 
highest mean values of FEV1%, DLCO/VA% and Tiffenau index, and so they 
considered that assessment of pulmonary emphysema by computed tomography 
a good preoperative predictor of PAL. Kroenke et al. in 1992 [74] proposed a four 
grade severity criteria of postoperative pulmonary complications. Several authors 
used these criteria in their studies, but others have used others. Therefore, in our 
opinion this subject deserves attention and discussion, in order to reduce the bias 
in the diagnosis of PPC. 
 
Pulmonary function tests using body plethysmography (MasterScreen™; Jaeger, 
Germany) were conducted according to the ATS/ERS guidelines [75, 76]. 
Pulmonary spirometric tests were performed to assess pulmonary function, 
according to the ATS/ERS guidelines, [75, 76]. Forced vital capacity (FVC), 
forced expiratory volume in the 1st second (FEV1), Tiffeneau index (TI), peak 
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expiratory flow (PEF), total lung capacity (TLC), diffusing capacity of the lung for 
carbon monoxide (DLCO), diffusing capacity of the lung for carbon monoxide per 
unit of alveolar volume (DLCO/VA), were measured aiming to assess gas 
exchange functionality as recommended for the preoperative pulmonary risk 
assessment [25, 26, 77] . 
The options on measurements of maximal inspiratory pressure (MIP) and 
maximal expiratory pressure (MEP) to quantify inspiratory and expiratory muscles 
strength is in agreement with literature [78]. As the respiratory muscle training 
gadgets are designed to be use by the mouth we opted toassess maximal mouth 
pressure in detriment of nostril pressure assessment. The maximal mouth 
pressure is a non-invasive test, in opposition to Esophageal, Gastric, and 
transdiaphragmatic pressures measurement, and phrenic nerve stimulation, 
needing less technical experience and hospital costs, and most of all, less 
discomfort for patients; other favourable argument is the possible comparison 
with other studies since is the most common applied test [76].   
Respiratory muscle endurance was assessed through maximal voluntary 
ventilation (MVV). Maximal voluntary ventilation is assessed by breathing at 
approximately 50% of vital capacity at a rate of 90 breathe per minute during 12 
seconds. This procedure can be seen as a limitation in our thesis procedures, 
since this test does not translate purely respiratory muscle endurance. Indeed, 
we consider that MVV is a crude indicator, since it is evaluated by a time-limited 
test of short duration. In our opinion, an endurance test should allow to reach a 
steady state for a prolonged period of time [76]. Therefore, we are now convinced 
that maximal sustainable ventilation (MSV) should be preferable, as it is more 
accurate, since normal subjects are able to sustain ventilations ranging from 60 
to 80% of MVV. However, this strategy is time-consuming and technically more 
difficult to perform. It might be achieved by two methods. The first, is the 
maximum effort technique, in which patients breathe at of approximately 70–90% 
of their MVV, using visual feedback during 8 minutes, and controlling for 
maintenance of isocapnia during hyperpneic manoeuvres; the average ventilation 
achieved over the last minute is the MSV [76]. The second, is the maximum 
incremental technique, that uses a target increment of 10% each 3 minute, 
starting at 20% of MVV until patient cannot continue, the result is achieved from 
the last 10 breaths [76]. Despite the above, MVV is has been accept as a valid 
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indirect test. [79-81] Moreover, MVV test was feasible in our laboratory, which 
has been weighted to decide the instrument options.  
 
Regarding the illness symptoms patients were inquired about thoracic pain using 
the Visual Analogue Scale (VAS). The Scale consists of a straight line, the 
endpoints defining extreme limits, ”no pain at all” and on the opposite side “worse 
possible pain”. To define pain, the patient is asked to mark his pain level on the 
line [82, 83]. Visual Analogue Scale have been demonstrated to be sensitive and 
was found to correlate positively with other self-reporting measures of pain 
intensity [82, 83]. In addition, difference in pain intensity measured at two different 
moments represents the real difference in magnitude of pain [82]. 
 
Patients dyspnoea was assessed through the Portuguese version of the Medical 
Research Council Dyspnoea Questionnaire (MRC) [84]. The MRC dyspnoea 
scale is a simple grading system from 1-5 grads aiming to assess patient's level 
of breathlessness associated to daily living activities. Grade 1 means feeling 
breathless only with strenuous exercise, while grade 5 indicates breathlessness 
when leaving the house or dressing [85]. The choice for this scale instead of 
others, like the Borg scale, was based on its accuracy and reliability to evaluate 
dyspnoea, especially during exertional physical activities (reports symptoms 
associated with a current daily physical activities). Moreover, this scale is easy 
for patients to understand, and has been used in other studies [58, 86, 87] which 
makes easier to compare data. 
 
In the experimental study (Study IV) QoL was assessed by the Portuguese 
version of EuroQol (EQ-5D-3L). The EQ-5D-3L questionnaire encompasses five 
dimensions: mobility, self-care, usual activities, pain/discomfort and 
anxiety/depression. Each dimension has 3 levels: no problems, some problems, 
and extreme problems. Patient judgement results into a 1-digit number that 
expresses the level selected for that dimension. The digits for the five dimensions 
can be combined into a 5-digit number that describes the patient’s health state. 
Additionally, the questionnaire includes a scale (0 to 100 points) to assess 
perceived health state [88, 89]. EuroQol it is not a specific questionnaire to assess 
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health related quality of life of cancer patients. Nevertheless, our methodologic 
option was related with two facts: EQ-5D-3L is a short and simple questionnaire, 
easy to be understood by patients, allowing them to visualize themselves in each 
of its dimensions, avoiding exhaustive information on typical advanced disease, 
since in this illness period patients do not feel symptoms inquired in same specific 
cancer patients QoL questionnaires as for instance, EORTC QLQ-LC13. QoL 
was evaluated at baseline and immediately after the intervention period, not to 
examine the negative influence of surgery, but the changes moderated by 
physiotherapy and/or specific respiratory muscle training.  
 
Being PA a complex behaviour, its evaluation is a challenging task. There are 
several procedures and instruments to evaluate daily physical activity and time 
spent in sedentary behaviours, being the most common the questionnaires, and 
accelerometers. Assessment of PA by questionnaires is based on the subjective 
recall of previous activities and has been shown to be relatively inaccurate. 
Actually, questionnaires do not cover all the continuum of PA intensities and it 
was already shown that patients tend to underestimate sedentary time and 
overestimate PA at moderate-to vigorous intensities. The majority of the studies 
on PA as a risk factor for health or as a predictor of prognostic indicators of 
morbidity/mortality, as well as in the study of changes on daily physical activity 
as a result of interventions, came from self-reported measures, which represents 
a limitation [90]. 
For the studies encompassing this thesis we choose to use accelerometers to 
assess daily PA. From a methodological point of view PA assessed through 
accelerometer strengthens the studies included in this thesis. Accelerometers 
provide objective PA measures, and are more sensitive to detect changes over 
time in the PA patterns [91]. Accelerometer data analysis use cut-off points to 
categorize captured body accelerations (counts per minute) into PA intensities, 
ranging from less than 100 counts per minute (sedentary activities) to ≥ 2020 
counts per minute, which represent activities of moderate-to-vigorous activities. 
Moreover, there is evidence that data associated with sedentary activities with 
less than 100 counts per minute are reliable, despite not giving the information 
on the body position (recline, sitting, or standing) [92]. 
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A major concern with accelerometer-based measurements of PA is related with 
the representativeness of daily time spent in PA, which depends on the recording 
time period that should be at least of 8 hours to have a picture of this behavior 
during the awaking time. Nevertheless, recommendations for time recording 
emphasize that at least 10 hours should be the minimum time of recording. In our 
studies the recording time averaged 11 to 13 hours. Therefore, we are convinced 
that our data is representative of daily PA during waking time. Moreover, patients 
were asked to use the accelerometers for 7 consecutive days. This procedure is 
in agreement with the recommendations for the measurement of PA with 
accelerometers, given that PA has a day-to-day variation  and it was already 
shown that PA during weekdays is not equal to the PA patterns at the weekend 
[93]. Regarding the sampling periods (epochs of 5 seconds), the 
recommendations were followed accordingly [94]. The selected cut off points for 
categorize PA intensity were those established by Troiano et al. [95], which are 
appropriate for adult populations. 
Despite the worth of accelerometer PA measurements, this device doesn’t 
provide information regarding the context in which PA is performed. For instance, 
it is not possible to distinguish PA performed in occupational and leisure time 
contexts. This might be a limitation because it’s not possible to ascertain to 
whether daily levels of physical activity or its changes over time are due to 
occupational obligations or to a behavioural choice to adhere and comply with a 
healthy active life style during leisure time.      
 
Physical fitness is a very important and an interesting outcome, not only to be 
included in the risk assessment model, but also to appraise the effect of different 
interventions on physical fitness and exertional tolerance in patients submitted to 
pulmonary resections. In this Thesis we used the 6-minute walking distance test 
(6-MWD). This is a performance based submaximal exercise test to evaluate 
cardiorespiratory fitness. The gold-standard test to evaluate cardiorespiratory 
fitness and exercise tolerance is a maximal or symptom limited cardiopulmonary 
exercise test (CPET) [25].  For patients submitted to lung resections, CPET is of 
high value in predicting PPC [4, 25]. Compared to a cardiopulmonary exercise 
test, the 6-MWD gives less information, but from a cost-benefit point of view the 
6-MWD has the advantage of being safe, has a low cost, as it does not require 
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sophisticated equipment and highly qualified human resources to monitor its 
implementation, and is sensitive to the changes over time both due to disuse or 
interventions through physical activities/exercise [25, 96]. Moreover, performance 
in the 6-MWD was shown to be associated to prognostic indicators in several 
diseases, including respiratory diseases [46, 97]. In addition, the performance in 
6-MWD test is correlated with symptoms, PA levels, the sense of vigour and QoL 
[10, 98]. The 6-MWD, compared to other tests as stair climbing and shuttle-walk 
test, is more easily performed by the patients as it is based on a usual daily life 
task. Indeed, demands of stair climbing or increased velocity in the shuttle-walk 
test might be difficult for patients with moderate orthopaedic impairments, which 
makes these tests not suitable for them.  
Finally, the 6-MWD test has been extensively used in scientific research, which 
makes the data comparability easier. Indeed, this test was already used to 
analyse the functional deterioration in lung cancer patients [99]. Granger et al 
[99]. conducted a study to examine the Minimal Important Difference (MID) of the 
6-minute walk distance in lung cancer, not to appraise exercise improvements 
due to an intervention, but to evaluate the postoperative clinical deterioration of 
physical fitness after surgery, and have found that MID is between 22 - 42m. For 
that reason we assume the values accepted for COPD patients’ improvement 
[99]. 
Nevertheless, in our studies performance in this test was not enough powerful to 
predict PPC, neither sensitive to detect changes of physical fitness after 
respiratory muscle training, despite the significant changes in PA levels. Although 
the majority of the studies enrolling patients submitted to pulmonary resections 
have used the 6-MWD to assess cardiorespiratory fitness, the current guidelines 
for the preoperative risk assessment recommend the shuttle walk test or stair-
climbing test rather than the 6-MWD, as alternatives to CPET [4, 20]. Kubori et 
al. [100] found significant changes in the stair-climbing test from preoperative 
assessment to one month after surgery. Conversely,  the performance in 6-MWD  
didn’t changed, which leads the authors to conclude that the stair-climbing test is 
more sensitive than 6-MWD [100]. Therefore, in future studies the shuttle walk 
test or stair-climbing test should be considered to be used. 
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Discussion of results 
We underwent a retrospective observational study (Study II), aiming to ascertain 
to whether respiratory muscle function, physical fitness, and daily PA levels, 
beyond pulmonary function, are independent predictors of PPC in patients 
selected to pulmonary resections by posterolateral thoracotomy. Our findings 
show that preoperatively, the classic known pulmonary function outcomes are 
significantly different in patients with and without PPC. Cigarette smoking is a 
known cause of COPD, as the airflow obstruction becomes worse, hyperinflation 
increase and exercise capacity reduced [101]. In previous published literature it 
was also described that patients with heavy smoking habits, COPD patients with 
hyperinflation translated by high TLC (superior than 100%) and reduced FEV1 
and DLCO% (except  when adjusted to alveolar volume), exhibit significant higher 
risk of developing PPC [15, 102, 103]. However, in our study physical fitness 
assessed by 6-MWD didn’t differ in patients with and without PPC. According to 
Pichurko et al. [104], for patients submitted to lung resections, the 6-MWD shows 
intermediate value compared to CPET regarding the prognostic information.  
It is worth remarking that MEP was the strongest independent predictor of PPC, 
being the single outcome of respiratory muscle function showing power to 
discriminate patient’s with and without PPC. In our observational study patients 
with lower MEP (%) compared to those with higher MEP (%) have a seven-fold 
higher risk of developing PPC (OR=7.440; 95% CI= 1.228 – 19.471). This is an 
important finding because we hypothesized that respiratory muscle function, 
including expiratory muscles would be part of the risk assessment model for PPC, 
but also to call the caregivers and researchers attention to the possible benefit of 
adding preoperative/postoperative expiratory muscle training in this population. 
Taking into account the undeniable role of expiratory muscle strength on 
bronchial mucus clearance to promote forced expiratory flow and cough, [28, 105, 
106] this might be the link for the diminished odd of having PPC related to mucus 
stasis.   
No significant mean differences in MVV were found between patients with and 
without PPC, sothis variable didn’t predicted PPC. These findings might be 
explained by the lack of differences in patients with and without PPC for 
inspiratory muscle strength, physical fitness f and daily levels of PA, since the 
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daily demands in PA were similar, as also was physical fitness, and as we 
mentioned previously, the MVV is a crude indicator of respiratory muscle 
endurance. Furthermore, we didn’t find differences in patients with and without 
PPC regarding age, BMI, FVC, and IT, which were already pointed out as factors 
influencing respiratory muscle endurance [107, 108]. 
Preoperative daily PA levels were not associated with PPC. As already stated 
above, there were no differences between patients with and without PPC. Several 
studies report that PA is protective for the risk to develop cancer and to improve 
symptoms related to cancer treatments [109, 110]. All patients in our study were 
diagnosed with cancer and when compared to the healthy population exhibits PA 
levels of moderate to vigorous PA almost reaching the recommended levels 
adequate to protection against disease risk. Moreover, the sedentary time is not 
so much different to the observed in the general population. Therefore, based on 
the aforementioned it is not conceivable that PA would represent a powerful 
predictor of PPC.  Nevertheless, our findings disagree with those reported by 
Feeney et al. [111] in which comparisons of preoperative daily levels of PA in 
patients submitted to esophagectomy, with and without PPC, showed 
significantly differences in what regards to sedentary time, light and moderate PA 
[111]. However, the former study assessed PA only during four days, not 
mentioning the hours of time recording [111]. In summary, more studies are 
needed to clarify the role of preoperative PA levels on PPC risk.    
Postoperatively, inspiratory muscle strength and endurance diminishes, and as 
consequence might compromise the capacity to promote deep breathing 
manoeuvres after surgery, thus contributing to increase alveoli collapse, and to 
increased risk of PPC [28, 106, 112]. Insufficient diaphragmatic breathing is an 
important factor related to postoperative atelectasis and pneumonia [28, 112]. 
Thus, preoperative IMT may have a role of preconditioning, contributing to 
mitigate postoperative inspiratory muscle dysfunction and PPC related to 
compliance impairment, as atelectasis, pneumonia and respiratory infections, 
beyond the influence on LOS reduction and associated hospital costs [103, 113, 
114]. 
Oddly, maximal inspiratory pressure was not significantly different between 
patients with or without PPC,  although the average values were slightly below 
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the cut-off for clinically important inspiratory muscle weakness in adults [(- 80cm 
H2O); [76] without PPC = 73.7 ± 21.3 cmH2O (69.2 %± 20.7);  with PPC = 75.0 ± 
25.1 cmH2O (70.8 %± 23.5)]. In addition, the inspiratory muscle strength didn’t 
predict PPC occurrence. The observed lack of differences between patients with 
and without PPC could be related with the similar effort from the respiratory 
muscles, since patients had the same pattern of stimulus in terms of daily levels 
of PA and no differences in physical fitness. However, we can’t assure that the 
former explanation is certain.   
Nevertheless, the results of our meta-analysis presented on the Chapter IV 
indirectly confirm the relevance of inspiratory muscles to diminish postoperative 
risk, since it shows that the training of these muscles, both preoperatively and 
postoperatively, significantly reduces PPC and LOS [113]. 
Collectively, the findings of the observational study and of meta-analysis indicate 
the importance of respiratory muscle function as prognostic indicator of PPC, as 
we expected. Therefore, future studies should examine if the inclusion of 
respiratory muscle function variables along with traditional pulmonary function 
assessment and exercise capacity, to ascertain how much the respiratory muscle 
function enhance the PPC risk prediction compared to the current model. 
Additionally, our findings add a relevant clinical message regarding respiratory 
muscle training, showing that it is an important target of physiotherapy care and 
interventions, both preoperatively and postoperatively.  
In Study IV, presented in the Chapter V, we aimed to appraise primarily the 
possible influence of different respiratory muscle training on respiratory muscle 
function, and secondarily on the changes in patient’s pulmonary function, daily 
physical activity, physical fitness, QoL, and dyspnoea. Significant treatment*time 
interactions were found only for MIP and daily PA. Effect sizes of the changes on 
MIP between baseline and final assessments were greater in the CT, IMT and 
EMT, respectively. Thus, IMT was efficient in the improvement of inspiratory 
muscle strength, as observed in CT and IMT by the changes in MIP. This result 
is in line with the literature [49, 51]. Moreover, regarding the training dose our IMT 
protocol is also in line with the findings of our meta-analysis regarding training 
doses and load increment criteria, although being a home-base intervention, and 
not strictly daily supervised [113].  Regarding the magnitude of the effect being 
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higher in the CT rather than in other training groups, this might be related with 
two facts: first, CT received a different training dose since they performed both 
inspiratory and expiratory muscle training, and therefore the total training volume 
was different; second, it is possible that an addictive effect of EMT on MIP might 
contribute to the higher magnitude of gains in MIP. In a systematic review whit 
meta-analysis [39] it was shown that CT (IMT+EMT) and EMT were effective to 
improve MIP as we also observed.  The reasons for this phenomenon will be 
further suggested.    
Oddly, EMT was not powerful enough to improve significantly expiratory strength 
but it was effective to enhance significantly MIP. We can speculate on the 
possible reasons associated to this finding. First, as we stated before, the 
Threshold PEP was not designed for EMT purposes, therefore the maximal load 
might be insufficient to produce higher increments on expiratory strength. 
Secondly, during inspiration there is a co-contraction of the abdominal muscles 
increasing intra-abdominal pressure in order to stabilize the diaphragmatic 
central tendon, and consequently, to expand the chest wall. In healthy subjects 
during loaded inspiration it was shown an increase activation of transversus and 
internal oblique abdominal muscles [115], while in subjects “at risk” of COPD it 
was only observed a significant activation during inspiration of abdominal rectus 
during load expiration [116].  It is possible that EMT favored, indirectly, the 
inspiratory strength through the increase of efficiency of the abdominal muscles 
co-contraction to assist powerfully the inspiration [115]. Less plausible, is the 
possibility of an additive effect of EMT on MIP as a result of air mobilization up to 
maximum inspiratory capacity, because if this is true also the control group would 
achieve the same result, as these patients also practice deep inspiratory exercise 
in the physiotherapy usual care. Moreover, the non-significant treatment*time 
interaction on MEP is not related to low treatment adherence, but instead might 
be related to patient’s uncomplete exsuflation in the home-based unsupervised 
sessions. 
Daily PA also showed significant treatment*time interactions, regarding the 
reduction on SEDPA and increase on time spent at LIGPA and Total PA, only in 
IMT and EMT groups. These results might be related with the reduction with the 
inspiratory effort during daily activities, giving patients the comfort to increase the 
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demands of daily activities as a consequence of reduction of exertional dyspnoea. 
This plausible explication is in line with the observed in studies with COPD 
patients receiving IMT [66, 117].  The magnitude of changes in daily PA in IMT 
and EMT groups might be related to the magnitude of gains in terms of inspiratory 
muscle strength, being greater in the IMT. The gains in Total PA are mainly due 
to the replacement of SEDPA by LIGPA. In our experimental study, in all groups, 
the changes in PA didn’t reach the recommendations for MVPA. The current 
recommendations for PA emphasize the health related benefits from reductions 
in SEDPA and compliance with at least 150 min/week of MVPA. Nevertheless, 
there are evidences that any amount of increment in Total PA by increasing 
LIGPA represents a risk reduction of morbidity and mortality [118, 119] Therefore, 
we can suggest that physiotherapy interventions involving respiratory muscle 
training have positive effect on respiratory muscle function, and also on lifestyle 
changes.   
It is not surprising that there are no significant treatment*time interactions in 
pulmonary function in any group, since after surgery pulmonary function recovery 
takes place earlier as soon as pain relives. According to Miyoshi et al. [120] 
pulmonary function recovers mostly during the first month, and after hospital 
discharge all patients in our study, regardless the group allocation, received 
outpatient physiotherapy care. Therefore, since our study started 4-week after 
hospital discharge, it is possible that pulmonary function has little room in the next 
eight weeks to further significant improvements, and with major differences 
between groups.    
 
Regarding physical fitness no significant treatment*time interactions were found, 
given the observed changes in daily PA, both in IMT and EMT groups. However, 
changes in PA were mainly due to increases in LIGPA, which is an intensity that 
is not associated to significant improvements of physical fitness  [121]. Despite 
the concern above mentioned about 6-MWD sensitivity to changes in response 
to respiratory muscle training, our findings agreed with those reported in the 
meta-analysis of Neves et al. [39], indicating that CT and EMT improve MIP and 
MEP, but not physical fitness and dyspnoea. Therefore, we might suggest that 
physiotherapy interventions adding respiratory muscle training and general 
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aerobic and/or resistance training, maybe more effective in the improvement of 
respiratory muscle function along with the enhancement of physical fitness. This 
must be investigated in future studies. 
 
Observing the changes on QoL it is possible to appraise the favourable changes 
on a single dimension - Usual Activities, excepting in IMT group. These within 
group time effect might be explained by the physiotherapy usual care involving 
deep breathing exercises, bronchial mucus clearance, and global exercise, as 
well as moderated by the improvements in daily PA, giving to the patients the 
subjective perception that after the intervention they were more prone to cope 
with the everyday daily life demands. However, we can’t make causal inferences 
regarding the links between usual care and PA effects in the improvement of 
QOL.  
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Conclusions 
Based on the purposes and findings of the studies encompassing this Thesis we 
formulate the following conclusions: 
Preoperative respiratory muscle function is associated with PPC in patients with 
NSCLC submitted to pulmonary surgery by posterolateral thoracotomy.  
Preoperative respiratory muscle function indicators as MIP and MEP are 
predictors of PPC, and should be considered for the risk assessment model in 
pulmonary surgical candidates. 
Physiotherapy interventions with IMT in surgical patients are effective to reduce 
the PPC risk and LOS. 
Postoperatively, adding respiratory muscle training to conventional physiotherapy 
usual care is effective in ameliorating inspiratory muscle strength, which might 
also act as a moderator of lifestyle changes in daily physical activity levels. 
Clinical Messages 
Respiratory muscles should be routinely assessed preoperatively in patients 
referred to surgical pulmonary resection to evaluate surgical induced risk for 
postoperative pulmonary complications     
Physiotherapy programs should be individually designed according to subject’s 
needs in all phases: preoperative, perioperative, postoperative, and 
maintenance.  
Preoperative and perioperative physiotherapy programs should include 
education, respiratory exercise aiming the enhancement of respiratory muscle 
strength and endurance, lung expansion, bronchial hygiene, and generalized 
exercise training to improve physical fitness.  
After hospital discharge physiotherapy aims to improve dyspnea, pulmonary 
function, physical fitness, exercise capacity and quality of life. 
The combination of inspiratory and expiratory muscles should be performed in 
physiotherapy interventions enrolling pulmonary surgical patients. 
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Table 1 - Evaluation of selected studies according to PEDro scale 
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Table 1. Evaluation of selected studies according to PEDro scale. 
 
Author 1 2 3 4 5 6 7 8 9 10 11 Total score 
Barbalho-Moulim, et al. [20] 
(2011) 
Y Y Y Y N N Y Y N Y Y 7/10 
Barros, et al. [29] 
(2010) 
Y Y N Y N N N N N Y Y 4/10 
Benzo, et al. [22] 
(2011) 
Y Y N Y N N Y Y N Y Y 6/10 
Casali, et al. [33] 
(2011) 
Y Y N Y Y N Y Y N Y Y 7/10 
Dronkers, et al. [6] 
(2008) 
Y Y Y N N N Y Y Y Y Y 7/10 
Dronkers, et al. [31] 
(2010) 
Y Y Y Y N N Y Y Y Y Y 8/10 
Ferreira, et al. [27] 
(2009) 
Y Y N Y N N N Y N Y Y 5/10 
Hulzebos, et al. [25] 
(2006) 
Y Y Y Y N N Y Y Y Y Y 8/10 
Hulzebos, et al. [26] 
(2006) 
Y Y N Y N N Y Y Y Y Y 7/10 
Kulkarni, et al. [19] 
 (2010) 
Y Y Y Y N N N N Y N Y 5/10 
Lloréns et al. [21] 
(2014) 
Y Y Y Y N N Y Y Y Y Y 8/10 
Matheus, et al. [30] 
(2012) 
Y Y N Y N N N N N Y Y 4/10 
Morano, et al. [23] 
(2013) 
Y Y Y Y N N Y Y Y Y Y 8/10 
Savci, et al. [28] 
(2011) 
Y Y Y Y N N N Y N Y Y 6/10 
Soares, et al. [32] 
(2013) 
Y Y Y Y N N N N N Y Y 5/10 
Weiner, P. [24] 
(1997) 
Y Y N Y N N N N N Y Y 4/10 
Weiner, et al. [3] 
(1998) 
Y Y N Y N N N N N Y Y 4/10 
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Figure 3 - Funnel plot with pseudo 95% confidence limits 
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Table 4 - EuroQoL dimensions 
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Supplemental online material Table 4.  EuroQoL dimensions (data are presented as 
relative frequencies)  
 CG (n= 19) CT (n= 18) EMT (n= 13) IMT (n= 13) 
Baselin
e 
Fina
l 
Baselin
e 
Fina
l 
Baselin
e 
Fina
l 
Baselin
e 
Fina
l 
Mobility                
No problem 
Some problems 
Confined to bed  
73,7 78,
9 
72,2 
77,
8 
84,6 
92,
3 
69,2 
92,
3 
26,3 21,
1 
27,8 
16,
7 
15,4 7,7 30,8 7,7 
0 0 0 0 0 0 0 0 
Self-care                 
No problem 
Some problems 
Unable 
84,2 
94,
7 
83,3 
94,
4 
92,3 
92,
3 
100,0 100,
0 
15,8 5,3 16,7 5,6 7,7 7,7 0 0 
0 0 0 0 0 0 0 0 
Usual activities*    
No problem 
Some problems 
Unable 
36,8 
78,
9 
27,8 
77,
8 
23,1 
69,
2 
46,2 
84,
6 
57,9 
21,
1 
66,7 
16,
7 
69,2 
30,
8 
53,8 
15,
4 
5,3 0 5,6 0 7,7 0 0 0 
Pain/Discomfort                   
No  
Moderate 
Extreme 
36,8 
57,
9 
22,2 
50,
0 
23,1 
46,
2 
38,5 
61,
5 
57,9 
42,
1 
77,8 
38,
9 
69,2 
53,
8 
61,5 
38,
5 
5,3 0 0 5,6 7,7 0 0 0 
Anxiety/Depress
ion             No  
Moderate 
Extreme 
42,1 
47,
4 
33,3 
38,
9 
69,2 
61,
5 
53,8 
61,
5 
52,6 
36,
8 
61,1 
44,
4 
30,8 
38,
5 
38,5 
38,
5 
5,3 
15,
8 
5,6 
11,
1 
0 0 
7,7 
0 
 
* Significant statistical difference baseline versus final assessment for CG (z -2,496; p=0,013), CT (z -
3,000; p= 0,003), EMT (z -2,646; p= 0,008) 
 
 
 
